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Telescope Array Experiment

Cosmic Ray Spectra of Various Experiments
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« TA Low Energy extension
(TALE) aims to lower the
energy threshold of the
experiment to well below
10" eV.
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TALE Surface Detector Infill
Array

e Infill Array
operates 24/7.

e However,
when FD 1s

on, we get the
opportunity R
for hybrid D R
observation. . 3]




TA Fluorescence Detectors

Refurbished Middle Drum
from HiRes

14 cameras/station
256 PMTs/camera
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« TAMD + TALE

e 14 lower telescopes make
up TA (Middle Drum)
Detector.

e 10 higher telescope (new
addition) make up the TA-
Low Energy extension
Detector.

« TALE telescopes equipped
with (HiRes2) FADC
electronics.
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TALE Cerenkov Data Set



Example event TALE FD
designed to look for

Detector Signal vs. Depth
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Example Cerenkov event

seen

Most are single
telescope

Event duration ~100ns -
~600 ns

Angular extent short

Unlikely to trigger
surface detector

Threshold ~3el15 eV
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Cerenkov Contribution to
Detected Signal

= HiRes-II event
set.

= Most events have
less than 20%
contribution
from direct and
scattered
Cerenkov light.
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Cerenkov Contribution to
Detected Signal

= TALE Cerenkov
event set.

= Most events have
more than 90%
contribution from
direct Cerenkov
light.

Cerenkov events seen by TALE Fluorescence Detector
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Vast majority of
triggered events
are Cerenkov
(lower energy).

Still dominant,
even after
removing
“Cerenkov
Blasts™

All data events with successful plane recon.

# events

h_all
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03/10/2013 TALE data Mean  0.01195
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Monte Carlo and event Reconstruction
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TALE fluorescence detector MC

= Added support of TALE telescopes to existing MC
code used by TA-MD detector for the past 6 yrs.

= Identical optics; different electronics.

= An updated description of the shower lateral width
was required for the treatment of Cerenkov
events.

= Treatment of Cerenkov 1in detector MC 1is still under
development.

= Testing / Verification studies are on-going.
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Shower lateral width and
Image of observed events

Width of observed shower image
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Lateral width of EAS

 Separate treatment for

Nishimura-Kamata-Greisen Function
fluorescence and Cerenkov

photons. : s=1.5 h=2km
210 §=1.0, h=6 km
e Based on parameterizations in H s=0.5h=10 km

Lafebre et al. (arXiv:0902.0548) w
e Fluorescence uses all particle 10*
NKG like function )

e Cerenkov uses NKG like ﬂ
function for a fixed electron
energy: 10
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e Age dependent

 Altitude dependent
20
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TALE fluorescence detector MC

= A different approach to simulating the detector response to
Cerenkov light was also implemented:

= Corsika / TACT (arX1v:0808.2253 [astro-ph])
= Full 3D MC shower development

= Cerenkov photons production

= Cerenkov photons detection (sphere surrounding telescope
mirror)

We can test our reconstruction code (and
parameterizations) against an external, “true MC”
simulation.

= Work in Progress, will report on in the future. 2l



TALE Event Reconstruction

Cerenkov events
are “fast”. Need
best possible
timing

TALE electronics

has 100 ns FADC
sampling

Based on MC
study: We can get
~3ns timing for
bright signals and
better than ~20ns
for most/all tubes.

(PMT Timing)

time extracted from FADC trace vs. MC time
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TALE Event Reconstruction
(EAS Parameters)

« Primary particle energy (E)

« Shower Geometry:

« A line segment from the top of the
atmosphere, ~47km, to the ground.
Rp_vec[3], ut_hat[3]

« Shower Longitudinal Profile:

« Parametrization given by a Gaisser-
Hillas function with four
parameters (N_max, x_0, x_max,
lambda)

o x [g/cm?] is the atmospheric slant
depth along the shower track.

e N(x) is the number of charged
particles at depth x

« A total of eight free parameters:
e« £ — N max

« ut_hat is a unit vector & is normal to
Rp_vec.

Gaisser-Hillas Function

| Examples of Randomly generated shower profiles
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TALE Event Reconstruction
(Standard Procedure)

1) Fit Shower-Detector plane
2) Fit Rp, ps1 angle
e Monocular timing

e Monocular timing; with shower core location provided by
Surface Detector.

3) Fit Shower profile and energy
e Geometry fixed by steps 1, 2

 GH lambda parameter typically fixed to a nominal value.
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Reconstruction of TALE Cerenkov
Events (Profile Constrained Fit)

1) Fit Shower-Detector plane
2) Fit Rp, ps1 angle

 Profile Constrained Geometry Fit (As in HiRes1 recon.):

e Assume a known shower profile (xmax).
e Scan psi angle, use timing for Rp determination.
e For each trial geometry fit observed npe (i.e. profile fit)

* Find best geometry for given shower profile.

3) Fit Shower profile and energy
o Geometry fixed by steps 1, 2

* Release xmax parameter. Perform a standard profile fit.
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Performance of Monocular Reconstruction
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Shower Rp resolution

iron Rp resolution (ARp/Rp)

proton Rp resolution (ARp/Rp)
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Shower psi angle resolution

= Shower
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the plane
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Effect of changing lateral
width in the reconstruction

= Real data
reconstructed
with three
different
assumptions

about lateral
width.

= Shown are
differences in
reconstructed
psi from each
fit.
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Summary and Outlook

= We developed a new event reconstruction technique
which allows us to use a Fluorescence detector as an
Imaging Air Cerenkov Telescope

= The quality of the reconstruction and possible
systematic effects are still under study.

= TALE as a Cerenkov detector can reach energies
lower than 10'° eV with very high statistics.
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